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(57) ABSTRACT

A therapeutic device and therapeutic method for delivering
clectrical energy to a polymer containing a medicament that
allows release of the medicament to a body tissue or organ.
The device and method utilizes ultrasonic vibrations to cause
the device, implanted 1n the body tissue or organ to be treated,
to discharge an electrical current to the polymer contaiming
the medicament. The medicament 1s controllably released to

the target area by changing the charge of the polymer with the
clectrical current.

17 Claims, 7 Drawing Sheets
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METHOD AND APPARATUS FOR TREATING
BODILY TISSUES WITH MEDICINAL
SUBSTANCE

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s continuation of application Ser. No. 10/348,100,
filed Jan. 21, 2003 now U.S. Pat. No. 6,969,382 which1s aCIP

of Ser. No. 09/964,836 filed Sep. 26, 2001 now abandoned
which 1s a continuation of Ser. No. 09/360,893 filed Jul. 26
1999, now 1ssued as U.S. Pat. No. 6,334,859.

FIELD OF INVENTION

The method and apparatus generally relates to implanted
devices which are placed within the body of a living animal or
human to impart a therapeutic benefit to a target tissue or
organ, and more particularly to a device and method for
selectively delivering a medicament to a target tissue or organ
by applying an electrical current to a polymer to cause release
of the medicament from the polymer.

BACKGROUND

Many disorders, e.g., brain disorders and certain types of
paralysis, as well as reduction of restenosis during angio-
plasty procedures, are treated by an electrical stimulus or
local drug delivered to specific sites in the brain or other parts
of the body. One shortcoming of conventional treatment
devices and procedures 1s that conventional treatment devices
are large and their placement may cause damage to the patient
or that the release of drug at a desired pace 1s impossible or
difficult. Another shortcoming of conventional treatment
devices and procedures 1s that the devices are often implanted
and must remain connected to the outside world for their
control signal or energy supply. In addition, 1n conventional
devices and procedures, drug delivery to the target tissue may
cause trauma to the patient and may not be precisely delivered
to the target tissue, and, where there 1s a physical connection
to the outside world, the repeated trauma to the patient
required by repeated mvasion and introduction of foreign
objects nto the tissue increases the likelthood of infection.
Yet another shortcoming of conventional devices and proce-
dures 1s that they do not provide precise timing of the delivery
of the electrical stimulus or drug 1n response to phenomena
happening 1n, and to stimuli generated by, the tissue or the
organ being treated indicating the need for the delivery of
such an electrical stimulus or drug.

In recent years, controlled drug delivery systems utilize an
implant made of a polymer, either natural or synthetic, that 1s
combined with a drug or other active agent 1n such a way that
the active agent 1s released 1n a pre-determined manner. For
example, the release of the active agent may be constant over
a long period, or 1t may be cyclic over a sustained period of
time. It may be triggered by the environment or other external
stimulus. In any case, the purpose behind controlling the drug
delivery 1s to achieve more effective therapies while elimi-
nating the potential for under-dosing or over-dosing.

There are three primary mechanisms by which active
agents can be released from such a delivery system: diffusion,
degradation, and swelling followed by diffusion. Each of
these mechanisms, however, has disadvantages when
employed as a delivery mechanism. In the case of diffusion,
the disadvantage 1s that as the release progresses, the release
rate will decrease, because the active agent concentration in
the polymer decreases, and the agent has a progressively
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longer distance to travel, thus, the diffusion time to relevant
tissue will increase. In the case of degradation, the process
generates degradation by-products that may not be tolerated
within the biological environment causing inflammatory
reactions that may lead to adverse effects. Finally, for the
swelling/degradation approach, drug release will be accom-
plished only when the polymer swells. The drug may prema-
turely be released upon contact of bodily flmd outside the
target area. In addition, the drug may not be released at all 1f
the target area does not contain a suitable environment to
facilitate drug release, e.g., will not cause suificient swelling.
All adverse etlect risks of the degrading polymer exist here
also.

While advantages of these current drug delivery systems
can be significant, their potential disadvantages or limitations
cannot be 1gnored: the decreased rate of drug release over
time, the possible toxicity or non-bio-compatibility of the
materials used, undesirable by-products of degradation, and
the potential for both under-dosing and overdosing. Thus,
there remains a need for an improved drug delivery system
that 1s 1nert, biocompatible, safe from accidental release, and
capable of providing a consistent rate of drug release.

SUMMARY OF THE INVENTION

It 1s an object of this invention to provide an apparatus and
method for selectively delivering a medicament over a period
of time to a target tissue or organ of the body, e.g., the brain or
treated arteries, without creating a large lesion in the target
area and without requiring a connection to the outside world,
for example outside the patient’s body.

It 1s yet another object of this invention to release a medi-
cation from a polymer at a desired rate by applying current or
charge to the polymer containing the medication.

It1s yet another object of this invention to provide a method
of treating body tissue, comprising the steps of preparing a
device capable of generating electrical current at a therapeutic
voltage and amperage 1n response to ultrasonic vibrations;
disposing the device 1n the vicinity of the tissue to be treated;
and subjecting the device to ultrasonic vibrations in an
amount and for a period of time suificient for the device to
generate electrical currents at a therapeutic voltage and
amperage.

It 1s a further object of this invention to provide a device for
treating body tissue, comprising a housing provided with a
medicament storage compartment. An oscillating member 1s
attached to the housing and communicates with the medica-
ment storage compartment and 1s adapted to oscillate in
response to ultrasonic stimulation. A medicament port 1s dis-
posed on the housing and 1s 1n fluid communication with the
medicament storage compartment and 1s adapted to permit a
medicament to be introduced into and contained in the com-
partment. The medicament port 1s further adapted to selec-
tively release the medicament from the medicament storage
compartment 1n response to the oscillations of the oscillating
member which produce a “pumping” action to pump the
medicament out of the compartment 1n response to external
high frequency stimulation.

It 1s still a further object of this mvention to provide a
method of treating body tissue, comprising the steps of pre-
paring a device comprising a housing provided with a medi-
cament storage compartment. An oscillating member 1is
attached to the housing and 1s in fluid communication with the
medicament storage compartment and 1s adapted to oscillate
in response to ultrasonic stimulation. A medicament port 1s
disposed on the housing and communicates with the medica-
ment storage compartment and 1s adapted to permit a medi-
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cament to be introduced into and contained 1n the compart-
ment. The medicament port 1s further adapted to selectively
release the medicament from the medicament storage com-
partment 1n response to oscillations of the oscillating mem-
ber. In operation, a medicament 1s 1troduced through the
medicament port and 1nto the medicament storage compart-
ment. The device 1s disposed 1n the vicinity of the tissue to be
treated and 1s subjected to ultrasonic vibrations 1n an amount
and for a period of time suificient for the oscillating member
to oscillate 1n an amount and for a period of time to cause the
desired quantity medicament to be discharged from the medi-
cament storage compartment through the medicament port to
the tissue to be treated.

It 1s yet another object of this invention to provide a sensor
or an array of sensors communicating with a tissue or organ
being treated, e.g., the brain, or other excitable tissues 1n the
body. The sensors communicate with one or more actuators
adapted to selectively deliver a predetermined amount of an
clectrical impulse or a medicament to the tissue or organ
being treated 1n response to the sensed stimulus generated by
the tissue or organ being treated indicating the need for the
delivery of such an electrical impulse or medicament. In an
especially preferred embodiment, the stimulation 1s sensed 1n
one tissue, e.g., the brain or anerve and the stimulation occurs
in a different tissue, ¢.g., a paralyzed leg muscle.

It1s yet another object of this invention to provide a method
of treating body tissue or organ, comprising the steps of
preparing a device capable of generating electrical current at
a specific voltage and amperage in response to ultrasonic
vibrations; disposing the device 1n the vicinity of the tissue to
be treated; and subjecting the device to ultrasonic vibrations
in an amount and for a period of time suificient for the device
to generate electrical currents at a specific voltage and amper-
age towards a polymer containing a medicament for causing
controlled release of the drug from the polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a device constructed 1n accordance with the
invention for applying electrical stimulation to a target tissue;

FIG. 2 shows a device constructed 1n accordance with the
invention for delivering a medicament to a target tissue;

FIG. 3 shows an alternative embodiment of the device
shown 1n FIG. 1;

FIG. 4 shows
shown 1n FIG. 2:

FIG. 5 shows
shown 1n FIG. 1;

FIG. 6 shows
shown 1n FIG. 2;

FI1G. 7 shows an alternative embodiment of a device con-
structed 1n accordance with the invention for delivering a
medicament to a target tissue;

FIG. 8 shows another device constructed 1n accordance
with the mvention for applying electrical stimulation to a

polymer containing the medicament for delivering the medi-
cament to a target tissue or organ;

FIG. 9 shows another device constructed 1n accordance
with the invention for delivering a medicament to a target
tissue; and

FIG. 10 shows an alternative embodiment of a device con-
structed 1n accordance with the invention for delivering a
medicament to a target tissue.

FIG. 11 shows an implant with a drug embedded polymer,
and a source of current to charge the polymer 1n order to elute
the drug.

an alternative embodiment of the device

an alternative embodiment of the device

an alternative embodiment of the device

10

15

20

25

30

35

40

45

50

55

60

65

4
DETAILED DESCRIPTION OF THE INVENTION

Minmiature Oscillating Ceramic Motors (OCM) are well
known 1n the art and are disclosed 1in U.S. Pat. No. 5,453,633
to Zumeris the specification of which 1s mncorporated herein
by reference. These motors can be made very small and in any
shape and they operate by contacting a surface in an amount
suificient to generate suilicient friction to permait the motor to
“crawl” along the contacted surface and change 1ts position
relative to the contacted surface when the motor 1s energized.
These motors can be adequately msulated to act 1n aqueous
environments. Their small size and low energy level require-
ments make them especially suitable for use inside living
organisms.

FIG. 1 shows one embodiment of a ceramic motor used 1n
accordance with the invention to provide electrical stimula-
tion to a target tissue. The electrical stimulation device 1 1s
provided with electrodes 2. In normal use, electricity 1s
applied to the electrodes 2, which causes the electrical stimu-
lation device 1 to generate oscillations 1n the ultrasonic range.
It 1s well known that 1f a conventional electric motor 1s turned
it will produce electricity. Similarly, if the ceramic motor 1s
ultrasonically vibrated an electrical current will be generated
and discharged from the electrodes 2. The ceramic motor
works according to the second piezo-electric effect, and the
reverse, generation of current by vibrating the ceramic 1s
equivalent to the first piezo-electric effect. The frequencies
utilized 1n the various embodiments of this invention may be
varied as specific applications dictate. A wide range of Ire-
quencies, €.g., radio frequency (r1) or ultrasound (us), may be
utilized depending upon the type and the location of the tissue
being treated and the type and amount of tissue through which
the high frequency vibrations must pass.

The stimulation of nerve cells 1 the brain system and
clsewhere 1n the body 1s desirable for the treatment of differ-
ent disorders, e.g., the activation of muscles whose biological
activation 1s impaired. In application, the device will be deliv-
ered to the target area to be treated, e.g., the brain, using
conventional procedures such as catheter delivery or surgical
implant. Because the electrical stimulation device 1 1s small
there 1s minimal trauma to the patient. In addition, because the
clectrical stimulation device 1 1s left 1n place there 1s a
reduced likelihood of complications or tissue damage that
might result from repeated invasion, €.g., by needles or elec-
trodes repeatedly introduced and removed from the target
area. Furthermore, because there 1s no need for the electrical
stimulation device 1 to remain connected to the outside world
alter 1t has been implanted, there 1s a reduced likelihood of
complications, e.g., infection, that may result from the con-
nection to the outside world.

Once the electrical stimulation device 1 1s in place 1t 1s
subjected to ultrasonic energy 8 from a means 10 for selec-
tively generating ultrasonic vibrations 8 which causes the
clectrical stimulation device 1 to vibrate and generate elec-
tricity from the electrodes 2. The electrodes 2 may be sized
and disposed on the device as specific applications dictate to
maximize the effectiveness of the treatment. The electrical
stimulation device 1 and the treatment time may be modified
to generate electricity at a desired voltage and amperage and
for a desired period of time as specific applications dictate.

FIG. 2 shows a medicament delivery device 3 constructed
in accordance with the invention. FIG. 2 shows that medica-
ment delivery device 3 1s provided with housing 4 provided
with a medicament storage compartment 3 for storing a medi-
cament 6. The housing 4 1s also provided with an oscillating
member 7 constructed of a material that 1s adapted to oscillate
in response to ultrasonic stimulation 8. The oscillating mem-




US 7,785,319 B2

S

ber 7 communicates with the medicament storage compart-
ment S so that the oscillating member 7 will contact a medi-
cament 6 stored in the medicament storage compartment 5.
The housing 4 1s also provided with a medicament port 9 1n
fluidd commumnication with the medicament storage compart-
ment 5. The medicament port 9 1s adapted to permit a medi-
cament 6 to be introduced into the medicament storage com-
partment 3 and 1s further adapted to permit the medicament 6
to be discharged from the medicament storage compartment 5
when the oscillating member 7 oscillates. A wide variety of
ports or valves well known to those skilled in the art as
suitable for this purpose may be utilized; however, 1n a pre-
terred embodiment an elastic tlap valve shown at 9 1n FIG. 2
1s utilized.

In operation, the physician will introduce the medicament
6 into the medicament storage compartment 5 through the
medicament port 9. The medicament delivery device 3 1s then
introduced 1nto the target area using conventional procedures
as previously discussed. As shown 1n FIG. 2, the physician
may subject the medicament delivery device 3 to ultrasonic
energy 8 generated by a source 10 for selectively generating
and transmitting ultrasonic vibrations 8 to the oscillating
member 7. The ultrasonic energy 8 impinging upon the oscil-
lating member 7 causes the oscillating member 7 to oscillate
as shown 1n FIG. 2. This causes the desired amount of medi-
cament 6 to be discharged from the medicament storage com-
partment 5 through the medicament port 9 to the target area.
The amount of time that the device 3 1s exposed to the ultra-
sonic vibration 8 can be varied as specific applications dictate
and will depend upon factors such as the target area to be
treated, the quantity of medicament 6 to be delivered, and the
composition, e.g., solid or liquid and/or the viscosity of the
medicament 6.

In utilizing both the electrical stimulation device 1 and the
medicament delivery device 3, the source for generating the
ultrasonic vibrations 10 may be manually operated; 1t may be
programmed to generate ultrasonic vibrations for a predeter-
mined fixed period of time, e.g., 10 seconds, at predetermined
fixed 1ntervals, e.g., every hour; or 1t may be automatically
energized 1n response to signals recerved from a sensor 11.

In a particularly advantageous embodiment, one or more
sensors 11 may be utilized 1n conjunction with the devices 1
and 3 as shown 1 FIGS. 1 to 6 to monitor the tissue being
treated for a variety of preselected physiological activities
and parameters which indicate the need for treatment and the
amount of treatment required. These physiological activities
and parameters include, e.g., but are not limited to, changes 1n
neurological activity, temperature, pressure, tluid discharge
from the target area, chemical composition of the discharge,
and chemical changes 1n the tissue being treated.

The sensor or sensors 11 may be implanted at several
points on or 1n the tissue or organ being treated as specific
applications dictate. Alternatively, the sensor 11 may be dis-
posed on the actual devices 1 and 3 (as shown 1n FIGS. 3-6).
The sensor 11 1s adapted to communicate with the source 10
for selectively generating and transmitting ultrasonic vibra-
tions 8 as previously discussed. The communication link 13
between the sensor 11 and the source 10 may be a direct one,
¢.g., an electrical lead, or, it may occur via radio transmission.
Radio communication between the sensor 11 and the source
10 may be preferable because 1t reduces discomiort to the
patient and also reduces the likelihood of infection otherwise
caused by a wire connection.

In operation, the sensor 11 monitors physiological param-
eters of the tissue or organ being treated and senses changes 1n
these physiological parameters. Upon sensing a change, the
sensor 11 sends a signal to source 10 which, i response,

10

15

20

25

30

35

40

45

50

55

60

65

6

generates an ultrasonic signal 8 for a period of time suificient
tfor the device to deliver the desired treatment to the tissue or
organ being treated as previously discussed. The period of
time that the ultrasonic signal 8 1s generated may be fixed or
may be selectively varied depending on the physiological
change detected by the sensor 11 and may be varied as a
function of the type and degree of physiological change
detected by the sensor 11. In an especially preferred embodi-
ment, the source 10 for ultrasonic vibration 8 may include a
mechanism 12 for computing the amount of electricity or
medicament required by the tissue or organ being treated as a
function of the type and degree of physiological change
detected by sensor 11. For example, by varying the duration
of the ultrasonic vibration 8 generated, the device can control
the amount of electricity or medicament delivered to the
tissue or organ being treated. Thus, this embodiment provides
a self-monitoring and seli-delivering system that rapidly cal-
culates the amount of treatment required and provides rapid
delivery of the required amount treatment to the target area.
The source 10 may also be disposed on the devices 1 and 3 as
shown 1n FIGS. 5 and 6 to provide a seli-contained monitor-
ing, dosage-calculating, and dosage-administering system.

Alternatively, sensing may occur in one tissue, e.g., the
brain or a nerve and the stimulation may occur 1n a different
tissue, e.g., a paralyzed muscle. The devices and methods of
this invention may be modified and adapted for a wide range
ol treatments as specific circumstances dictate, such as 1n
cases of paralysis. For example, 11 a person’s leg were para-
lyzed, a stimulator could be provided which would commu-
nicate with the muscles of the leg. The stimulator would
generate a stimulus to the muscles 1 response to a sensor that
could be located on, or communicate with, e.g., the person’s
arm. The sensor could be adapted to be responsive to move-
ments of the individual’s arm. Thus, when the individual
wanted to activate the muscles of his leg he could do so by
voluntarily moving his arm a predetermined distance or 1n a
predetermined direction. The sensor 1n the arm would detect
the degree of movement of the arm and transmit an activation
signal for the stimulator, which, in turn, would apply the
desire stimulation to the muscles 1n the person’s leg. This
permits the person to selectively generate a stimulus to the
muscles and allow the person to selectively activate the
muscles of his leg.

FIG. 7 shows medicament delivery device 3 constructed 1in
accordance with the invention for delivering a medicament to
a target tissue. FI1G. 7 shows that medicament delivery device
14 1s provided with housing 135 provided with one or more

medicament storage compartment bubbles 16 for storing a
medicament 6. The bubbles 16 are constructed of a material
well known to those skilled in the art that 1s selected and
adapted to rupture 1in response to ultrasonic stimulation 8. The
housing 15 may also be provided with one or more medica-
ment ports 17 1n flmd communication with the medicament
storage compartment bubbles 16. The medicament ports 17
are adapted to permit a medicament 6 to be imntroduced 1nto the
medicament storage compartment bubbles 16. A wide variety
of ports or valves well known to those skilled 1n the art as
suitable for this purpose may be utilized as previously dis-
cussed.

In operation, the physician will introduce the medicament
6 mto the medicament storage compartment bubbles 16
through the medicament port 11. The medicament delivery
device 14 1s then introduced into the target area using con-
ventional procedures as previously discussed. The physician
may selectively subject the medicament delivery device 14 to
ultrasonic energy as previously discussed. The ultrasonic
energy impinging upon the bubbles 16 causes the bubbles 16
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to rupture. This causes the desired amount of medicament 6 to
be discharged from the medicament storage compartment
bubbles 16 to the target area. The amount of time that the
device 14 1s exposed to the ultrasonic vibration can be varied
as specific applications dictate and will depend upon factors
such as the target area to be treated, the quantity of medica-
ment 6 to be delivered, the composition, e.g., solid or liquid
and/or the viscosity of the medicament 6, and the type of
material used to make the storage compartment bubbles 16. In
an alternative embodiment, the medicament port 1s not uti-
lized. Instead, the medicament 6 i1s disposed between the
housing 15 and the bubbles 16 before the bubbles 16 are
attached to the housing 15.

FIG. 8 shows another embodiment of a motor used in
accordance with the invention to provide electrical stimula-
tion to a polymer. The polymer 1n this embodiment again
contains a medicament for release to a target tissue or organ.
The polymer 1s preferably a biocompatible polymer such as,
but not limited to, Poly Glycolic Acid (PGA) or Poly Lactic
Acid (PLA). PGA and PLA are biocompatible, biodegrad-
able, semi-crystalline polymers, which are approved for use
in the human body. Polylactides and polyglycolides are cur-
rently used as absorbable suture material. The greatest advan-
tage of using these polymers 1s that they degrade and break
down 1nto biologically acceptable molecules that are metabo-
lized and removed from the body via normal metabolic path-
ways. Polylactides, polyglycolides, and their copolymers will
eventually break down to lactic acid and glycolic acid, enter
the Kreb’s cycle, and be further broken down into carbon
dioxide and water and excreted through normal bodily pro-
CEesSes.

The basic structure, function and operation of elements 1,
2,.8,10, 11, 12, and 13 of the embodiment 1n FIG. 8 are the
same as the corresponding elements of FIG. 1. The medica-
ment 6 to be released from a polymer microstructure 20 can
be adsorbed within a volume of the polymer matrix or con-
tained on the surface of the polymer. The strength of the
binding of the medicament to the polymer 1s dependent on the
charge of the polymer. Hence, by applying a current to the
polymer and changing the polymer’s electric charge, one can
achieve a controlled release of the medicament from the poly-
mer.

The desired medication can also be delivered to a localized
tissue area by applying electrical current to the medicament,
which 1n this embodiment 1s preferably a solution. When the
clectrical current 1s applied to the medicament, molecules
having like electrical charges will repel each other. Therefore,
application of a positive current will drive positively charged
drug molecules away from the electrode and 1nto the tissues;
similarly, a negative current will drive negatively charge 1ons
into the tissues. Unlike 1ontophoresis where the medicament
1s delivered through the skin, this mvention provides for
medicament delivery directly to the target tissues or organ.

Adverting to FIG. 8, once the electrical stimulation device
1 1s 1n place, device 1 1s subjected to ultrasonic vibrations or
energy 8 from a source 10, which thereby cause the electrical
stimulation device 1 to vibrate and generate electricity from
the electrodes 2. The electrodes 2 may be sized and disposed
on the device as specific applications dictate to maximize the
elfectiveness of the treatment. The electrical stimulation
device 1 and the treatment time may be modified to generate
clectricity at a desired voltage and amperage and for a desired
period of time as specific applications dictate. When the elec-
tric current 1s applied to the polymer, 1t causes the desired
amount of medicament 6 to be discharged from the polymer
microstructure 20 to the target area. The amount of time that
the device 3 1s exposed to the ultrasonic vibration 8 can be
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varied as specific applications dictate and will depend upon
factors such as the target area to be treated, the quantity of
medicament 6 to be delivered, and the particular characteris-
tics of the medicament/polymer combination.

As shown 1n FIGS. 8 to 10, and similar to the descriptions
with references to FIGS. 1-7, one or more sensors 11 can be
utilized 1n conjunction with the device 1 to momitor the tissue
being treated for a varniety of pre-selected physiological
activities and parameters which indicate the need for treat-
ment and the amount of treatment required. As shown 1n FIG.
9, the sensor 11 may be attached to the device 1. In addition,
iI desired, one or more sensors 11 can be implanted in any
tissue or organ as appropriate. Depending on the embodi-
ment, the sensor or sensors 11 may be implanted at several
points about the tissue or organ being treated as specific
applications dictate.

FIG. 11 shows an implant 110 1n the general shape of a rod.
The implant can be any desired shape and 1s only depicted as
a rod for 1illustrative purposes. The implant comprises of a
polymer 120 embedded with a drug 130. A source 140 sup-
plies current to charge the polymer to elute the drug from 1t. In
this embodiment, the drug that has some electrical charge,
and hence will be released from the polymer by the applica-
tion a charge of similar polarity. The application of the same
polar charge repels the drug out of the polymer and 1nto the
selected tissue.

The devices and procedures of this invention provide mini-
mally invasive electrical and medicament stimulation of tis-
sue with reduced risk of complications, e.g., mnfection that
may result from conventional procedures. While the mnven-
tion has been described with respect to a limited number of
embodiments, 1t will be appreciated that many variations,
modifications, and other applications of the invention may be
made.

What 1s claimed 1s:

1. A method of treating bodily tissue or an organ, compris-
ng:

disposing an electrical stimulation device 1n the vicinity of

the bodily tissue or organ to be treated; and

subjecting the device to ultrasonic vibrations 1n an amount

and for a period of time sufficient for the device to
generate and transmit electrical currents at a preselected
voltage and amperage, in the absence of a battery, to a
polymer microstructure containing a medicament caus-
ing controlled release of the medicament from the poly-
mer microstructure.

2. The method of claim 1, wherein the transmission of
ultrasonic vibrations to the device 1s 1initiated 1n response to
preselected stimuli generated by the bodily tissue.

3. The method of claim 2, further includes recerving the
preselected stimuli generated by the body tissue through a
sensor adapted to communicate with and selectively energize
a means for selectively generating and transmitting the ultra-
sonic vibrations.

4. A method of treating bodily tissue or an organ, compris-
ng:

disposing an electrical stimulation device 1n the vicinity of

the bodily tissue or organ to be treated,

generating an electrical current from said device, having a

preselected voltage and amperage, 1n response to ultra-
sonic vibrations;

releasing a medicament from an implanted polymer mate-

rial i response to said electrical current; and
subjecting the device to ultrasonic vibrations 1n an amount

and for a period of time sufficient for the device to

generate and transmit electrical current at the prese-
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lected voltage and amperage, 1n the absence of a battery,
required to release a preselected dosage of the medica-
ment from the polymer.

5. The method of claim 4, wherein said electrical current 1s
generated 1n response to preselected stimuli recerved from a
different tissue than the bodily tissue to be treated.

6. The method of claim 4, wherein said electrical current 1s
generated in response to preselected stimuli received from the
bodily tissue to be treated.

7. The method of claim 4, wherein generating a positive
clectrical current drives positively charged medicament mol-
ecules away from the electrode and into the tissues.

8. The method of claim 4, wherein the releasing includes
releasing the medicament from a cellular polymer micro-
structure 1n which the medicament 1s dispersed.

9. The method of claim 4, wherein releasing the medica-
ment 1s Irom a polymer surface upon which the medicament
1s adsorbed.

10. A method of treating bodily tissue or an organ, com-
prising:

generating current from an implanted electrical stimulation

device via piezoelectric effect, and applying said current
to an implanted polymer embedded with a drug, the drug
being electrically charged at a given polarity similar to
the polarity of the applied current; and

eluting the drug from the polymer and into the bodily tissue

being treated.

11. The method of claim 10, further includes disposing the
device 1n the vicinity of a tissue or organ to be treated.

12. The method of claim 10, further includes receiving a
preselected stimuli generated by a body tissue or organ
through a sensor adapted to communicate with and selec-
tively energize the device.

13. A method of treating body tissue, comprising the steps
of:
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recerving a signal from a sensor, said signal being a prese-

lected stimuli generated by the body tissue;
selectively energizing a signal generator with said signal;
generating and transmitting ultrasonic vibrations from said
signal generator to an electrical stimulation device;

generating and transmitting electrical current from said
clectrical stimulation device at a preselected voltage and
amperage, 1n the absence of a battery, in response to said
ultrasonic vibrations to an implanted polymer micro-
structure; and

releasing medicament from said implanted polymer micro-

structure, 1 a controlled release, said polymer
implanted 1n the vicinity of the body tissue to be treated.,
thereby treating the body tissue.

14. The method of claim 13 wherein the electrical stimu-
lation device 1s implanted 1n the vicinity of the body tissue to
be treated.

15. The method of claim 13 wherein the sensor 1is
implanted in the vicinity of the body tissue to be treated.

16. A method of treating body tissue comprising the steps
of:

generating and transmitting ultrasonic vibrations from a

signal generator to an electrical stimulation device
thereby stimulating generation and transmission of an
clectrical current at a preselected voltage and amperage,
in the absence of a battery, causing controlled release of
a medicament from an implanted polymer containing,
said medicament, said polymer implanted in the vicinity
of said body tissue to be treated, thereby treating said
body tissue.

17. The method of claim 16 wherein said electrical stimu-

lation device 1s implanted 1n the vicinity of the body tissue to
be treated.
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